Over the past few years, the importance of Pseudomonas aeruginosa as a human pathogen in a variety of infections has increased dramatically (4) . Of particular interest is its increasing incidence in nosocomial infection of individuals already debilitated by other diseases or by antineoplastic chemotherapy (10, 12) . However, one area of interest that has been relatively neglected is the involvement of this organism in gastrointestinal infections that may lead to systemic spread. There have been sporadic clinical reports of P. aeruginosa causing diarrhea and gastrointestinal disturbances, and descriptions of these date back as far as the late nineteenth century (3, 16) . In at least one well-documented report there was an extensive outbreak of nosocomial infection of infants in a nursery that resulted in several deaths due to ingestion of pasteurized millJ subsequently contaminated with P. aeruginosa (11) . Concomitantly, there were several hundred cases that occurred in children and adults in the surrounding community. The sequence of events that occurred was diarrhea, vomiting, dehydration, cyanosis, abdominal pain, and fever. The experimental feeding of live organisms to normal healthy humans (1) or mice (8) in an attempt to cause gastrointestinal disturbances or systemic infections has been unsuccessful. Nevertheless, current comparative median lethal dose (LD50) studies in our laboratory have indicated that mice are more prone to infection by the peroral route than by parenteral routes, and that systemic infection leading to death occurs. Green et al. (7) have also recently shown that a significant decrease ofPseudomonas infections in burn patients occurs after the elimination of fresh vegetables harboring Pseudomonas from their diet. Consequently, the purpose of this manuscript is to present an experimental model that describes the response of normal mice and antineoplastic drug-treated mice infected with P. aeruginosa perorally into the stomach.
MATERIALS AND METHODS Organisms. Three ATCC strains were used throughout the entire study. One strain, ATCC 19660, was a non-encapsulated form of P. aeruginosa, whereas the other two strains, ATCC 17933 and ATCC 17934, were both encapsulated.
Cultivation. The organisms were cultivated by inoculating a 125-ml Erlenmeyer flask containing 50 ml of 5% peptone (Difco, Detroit, Mich.) and 0.25% Trypticase soy broth (BBL, Cockeysville, Md.). The cells were grown for 18 h at 37°C with constant aeration. The cultures were then centrifuged at 48,000 x g for 20 min, and the resulting pellet was resuspended in nonpyrogenic saline and adjusted to the desired cell concentration by using a predetermined curve relating viable counts to optical density at 440 nm with a spectrophotometer (Coleman Jr. II, model 6/20 Initial experiments were designed to determine whether normal, undebilitated mice were susceptible to infection when organisms were administered perorally into the stomach. Using a 15-day holding period, it was established that normal mice were susceptible to infection by this route and that all three ATCC strains were able to produce lethal infections (Table 1) . Of the three strains, the non-encapsulated strain (19660) appeared to be the most virulent on the basis of cell numbers needed to produce death Histopathological studies of the acutely ill animals that had received peroral administrations of viable cells with or without drug treatment revealed no apparent differences between the three strains in the type or magnitude of inflammation. All inflammatory responses were acute in nature, with toxic changes such as hepatocellular degeneration and glomerular hypercellularity noted in those animals receiving sublethal doses. Examination of the lung parenchyma of animals that had died within 72 h revealed the pathognomonic vasculitis associated with systemic Pseudomonas infections found around the small and medium size blood vessels. Cellular exudate consisted of both polymorphonuclear and mononuclear inflammatory cells, with the latter predominating (Fig. 1) . Also present within the lungs was alveolar wall thickening with early parenchymal abscess formation. There was also invasion of renal tissue evident in animals that had died within 72 h. The kidneys not only had infiltration of the glomeruli and surrounding tissue by mixed inflammatory cells, but organisms could also be seen within the glomeruli. Examination of the stomach and intestines did not reveal any gross lesions in the gastrointestinal tract. In addition, histological sections of the intestines were void of any focal areas of inflammation or necrosis. There was, however, gross enlargement of the mesenteric lymph nodes, which, under microsopic examination, did not show any evidence of bacteria. No gross or histopathological changes were detected in animals challenged perorally into the lungs.
Phlebotomies were done to determine what effect antineoplastic drugs used to treat the animals had on the number and types of circulating leukocytes. All three of the drugs tested were able to produce a lymphopenia within 24 h after administration. It appears that although cytosine arabinoside (Fig. 2) caused the greatest depression on lymphocyte numbers after 24 h, the drug had no effect on the number of circulating neutrophils. Both vincristine sulfate (Fig. 3) and methotrexate (Fig. 4) were, however, able to reduce neutrophil numbers during the first 48 h, with methotrexate continuing to exert a depressive effect for another 48 h. All values given were adjusted for the effect of multiple bleedings on saline-treated animals. DISCUSSION Although there are a number of organisms that are classically associated with gastrointestinal infections, the potential role of P. aeruginosa in this type of infection has been generally overlooked. However, the present studies indicate that P. aeruginosa can cause an acute systemic infection, leading to death of mice within 72 h when the organisms are administered perorally into the stomach. Conceivably, from this site they could then spread via the lymphatics and eventually hematogenously to all of the major organs of the body. The presence of lesions in the kidneys and lungs is consistent with previous findings in our laboratory using animals infected by various parenteral routes (2, 6 Of particular interest in our study is the observation that on the basis of comparative LD,0 determinations, the mouse appears to be more susceptible to infection by peroral administration of viable Pseudomonas into the stomach than by i.v., i.p., and peroral administration into the lungs. No apparent decrease in the resistance of the animals was associated with the administration of anesthesia or manipulation through gastric intubation. These results seem to be in direct contradiction to those of other investigators (8, 15) , who noted that feeding of P. aeruginosa to normal mice via their drinking water was harmless, although irradiated mice were susceptible to infection. However, one of the inherent drawbacks in attempting to infect mice by seeding their drinking water is that one cannot control the numbers of organisms ingested. Howerton and Kolmen (9) were able to establish a bacteremia and bactichyla in burned rats receiving P. aeruginosa through gastric intubation, but the unburned rat was resistant to challenge via gastric intubation. Perhaps these contradictions may be explained by (i) our ability to better quantitate the actual numbers of organisms that are introduced into the mice by gastric intubation -f. INFECT than by seeding of the animals' drinking water and (ii) inherent resistance differences between rats and mice. Another possible explanation may be that the particular strains of bacteria described herein are extremely virulent, although the large number of organisms required to parenterally kill the mice by the three strains suggested they are of relatively low virulence.
The treatment of mice with antineoplastic drugs showed that enhanced lethality could be produced, especially if methotrexate was administered. Although vincristine sulfate and cytosine arabinoside had a lesser effect than methotrexate, there appears to be a potentiation of the infection in animals receiving these drugs related to the effect of the drugs on the granulocyte counts. The potentiation of P. aeruginosa infections by antineoplastic and immunosuppressive agents is of significant clinical importance. Schimpff et al. (14) have concluded that the presence of P. aeruginosa indicates an ominous prognosis for the granulocytopenic patients with acute nonlymphocytic leukemia. These infections occur more frequently in the granulocytopenic patient than in other types and are usually lethal if not treated promptly. Acquisition, they report, is probably via contaminated food and water. They conclude that the number of Pseudomonas infections could be reduced by the use of only cooked foods, sterile water, and sterile surroundings.
Our experimental results support their clinical observations that the gastrointestinal tract may serve as an important source of infection and that cytotoxic agents causing leukopenia, particularly neutropenia, do in fact render the animal more susceptible to Pseudomonas infections through the gastrointestinal tract. Ziegler et al. (17) were also able to establish a fatal bacteremia in rabbits by seeding their drinking water with P. aeruginosa, but only if the animals had been rendered agranulocytic with nitrogen mustard.
In conclusion, we believe the use of peroral introduction of P. aeruginosa into the stomach can be used in the further study of Pseudomonas infections in debilitated animals. This system also allows quantitation of the median inoculating dose leading to a systemic infection that is histologically similar to clinical findings in Pseudomonas sepsis (5). 
